Background
Inflammation of peripheral joints with accompanying inflammation of the spine, or spondyloarthropathies (spondyloarthritis, SpA), are a group of chronic inflammatory rheumatoid diseases involving peripheral joints (arthritis), entheses (enthesitis), digits (dactylitis), and the axial spine, typically, primarily in the form of sacroiliitis [1, 2] . This group comprises 5 conditions: ankylosing spondylitis (AS), reactive arthritis (ReA), psoriatic arthritis (PsA), spondylitis associated with non-specific inflammatory bowel diseases (IBD) such as Crohn's disease and ulcerative colitis, and undifferentiated spondyloarthropathy (uSpA) [1] . Depending on the dominant symptoms, SpA is differentiated into axial SpA (axSpA) -where the clinical picture involves mainly sacroiliitis, and peripheral SpA -where arthritis, enthesitis or dactylitis are the most pronounced symptoms [1, 3] .
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The clinical presentation of spondyloarthropathies differs from rheumatoid arthritis (RA) mainly by the presence of the so-called chronic back pain (CBP) and the symptoms of enthesitis, dactylitis, uveitis, or history of IBD.
The hallmarks of SpA in laboratory findings include HLA-B27 (human leukocyte antigen)receptor presence, particularly common in patients with axSpA, as well as the absence of rheumatoid factor in SpA (hence the historical term for this disease group -seronegative spondyloarthropathies) which is, in turn, typical for RA [1, 2, 4] .
The leading, and, most typically, the initial characteristic axSpA manifestation is sacroiliitis, diagnosed in a radiological examination on the basis of the so called New York criteria dating back to 1966, and, in the case of AS, the modified New York criteria of 1984 [1, 5] . Sacroiliitis on radiographs is among the diagnostic criteria for sacroiliitis according to European Spondyloarthropathy Study Group Criteria (ESSG) and Amor criteria [5] , which, in combination with clinical data, have been used by rheumatologists in everyday practice for diagnosing SpA. The above criteria are not, however, optimal, i.e. due to a delay of up to 9 years in diagnosing sacroiliitis on radiographs [6, 7] .
In 2009, ASAS introduced new axSpA classification criteria, whereby MRI of the sacroiliac joints was incorporated alongside radiological examination [8] .
Thereby, for the first time in the field of rheumatology, MRI was introduced into the diagnostics of inflammatory lesions in joints, and imaging (MRI and radiographs) gained the basic criterion status for the purpose of diagnosing sacroiliitis.
According to the new ASAS criteria, the initial imaging modality for the diagnostics of sacroiliitis remains the conventional radiographic examination, based on the modNY criteria for AS [1, 3] . MRI of sacroiliac joints (SIJs) is a second-line method of choice, conducted when the radiograph does not meet modNY criteria, i.e. when Grade 0, Grade 1 sacroiliitis, or unilateral Grade 2 sacroiliitis is found, yet clinical symptoms and laboratory findings indicate SpA [1, 3] .
Studies in the literature of the subject have for many years now demonstrated MRI to be more sensitive and specific in detecting sacroiliitis than radiographs [2, [9] [10] [11] . Bone marrow edema (BME) is MRI-evident several years prior to the development of structural changes visible on radiograph, thus facilitating early treatment, more effective than treatment started in patients with established disease [2] . Hence, MRI is being postulated as the first-line imaging modality in the diagnostics of sacroiliitis, particularly in the early stages of the inflammatory condition, in the so called pre-radiographic stage.
The study was aimed at a comparative evaluation of radiography and MRI in the diagnostics of sacroiliitis in patients with a clinical diagnosis of SpA according to the current ASAS criteria.
Material and Methods
Radiographs and MRI were conducted in 101 consecutive patients, including 40 males and 61 females, aged 19-71 yrs (mean age: 40.6 yrs). The patients were referred by a senior rheumatologist, with symptoms of the so-called chronic back pain (CBP) and other clinical symptoms possibly indicative of SpA, such as psoriatic-like skin and nail lesions, positive family history of SpA, or non-specific inflammatory bowel disease. CBP is defined as back pain lasting ³3 months with an onset preceding 45 yrs of age.
All patients underwent radiographs and MRI of the SIJs, within an interval of no longer than 2 weeks. The radiographs and MR scans were evaluated by senior radiologists, independently of one another, i.e. without the knowledge of the outcome of the other imaging modality or the clinical data. Each joint was evaluated separately. A total of 202 joints were evaluated.
The study was approved by the institutional Ethical Committee and all patients gave their written informed consent.
AP pelvis with L-spine radiograph
Radiographs were conducted with Quantum device. Each patient underwent AP pelvis and L-spine radiograph. The 1984 modified New York criteria for AS (modNY) for diagnosing sacroiliitis, based on the 1966 New York (NY) criteria (Table 1 ), were applied [1, 3, 8] . According to the modNY criteria, sacroiliitis is diagnosed where bilateral Grade 2 inflammatory lesions, or minimum unilateral Grade 3 lesions in sacroiliac joints are evident [1, 2] . According to the NY criteria, Grade 1 sacroiliitis is already diagnostic.
Magnetic resonance imaging
All patients presented for the MRI with their GFR or creatinine level laboratory findings. Prior to the examination they filled out a contraindications (and other information) questionnaire. The examination was conducted with Siemens Avanto 1.5T device, with Body MATRIX Tim Coil. The MRI SI protocol comprised T2-weighted image in sagittal plane, T1, T2, T1FS, DIFF and STIR sequences in oblique coronal plane, which is parallel to the posterior cortex of the S2 vertebral body seen on a sagittal image, and PD FS oblique axial plane (Table 2 ).
Contrast agent, Gadovist, was administered in amount of 0.1 ml/kg body weight in cases where BME or effusion in the joint cavities were visualized. MR images were assessed for the presence of active and chronic inflammatory lesions (Table 3 ). According to ASAS criteria, detection of active inflammatory lesions in the form of BME was the grounds for sacroiliitis diagnosis [1, 2] .
The lesion required to diagnose sacroiliitis in MRI was BME in a typical juxta articular location, subchondrally, in the iliac or sacral bone, visible either in one layer (if a minimum of two areas with BME are present in various quadrants of SI joints), or in at least two parallel layers (where at least a single area of BME is found) [1, 8, 12] .
Synovitis, capsulitis or enthesitis in SIJs, where not accompanied by BME, could not be taken as diagnostic parameters for sacroiliitis [1, 2] .
Statistical analysis was conducted with Excel and Statistica software. MRI and the clinical symptom of chronic back pain were taken as reference for statistical calculations.
Grade 0
No abnormalities (sacroiliac joints normal) Table 4 . Number of joints with MR features of sacroiliitis with regard to consecutive grades of sacroiliitis on radiographs.
N -non diagnostic joints.
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The basic purposes of the analysis were:
• the evaluation of the specificity of CBP with regard to radiographs and MRI findings; • a comparative evaluation of radiography against MRI in terms of the number of diagnosed sacroiliitis cases and disease severity by radiographs according to NY and the modified NY criteria.
Results
Of 101 analyzed subsequent patients with a clinical suspicion of axial SpA (i.e. with CBP), radiographs of SIJs were bilaterally non-diagnostic in 1 patient, and unilaterally non-diagnostic in further 4 (joints obscured by bowel content). These joints were excluded from the further comparative analysis of conventional radiographs against MRI.
Comparison of the classification criterion -CBP against radiographs and MRI results
Of 101 patients referred with CBP symptoms, inflammatory lesions in SIJs were disclosed:
• in radiographic examination: in 14 out of 100 examined patients (14%) 
The number of diagnosed sacroiliitis cases by radiographs and by MRI
196 joints were evaluated in radiographic examination out of total 202 qualified for the evaluation. The picture of 6 joints was non-diagnostic, in 1 patient bilaterally.
Radiographic inflammatory lesions were found, broken down into grades as follows (Table 4 ):
• Grade 0 -in 134 joints (66% of the total number of SIJs evaluated in radiographic examination).
• Grade 1 -in 21 joints (10% of the total number of SIJs evaluated in radiographic examination).
• Grade 2 -in 33 joints (16% of the total number of SIJs evaluated in radiographic examination).
• Grade 3 -in 8 joints (4% of the total number of SIJs evaluated in radiographic examination).
No cases of complete SIJs ankylosis (grade 4) were found.
On radiographs, inflammatory lesions of SIJs were found in 62 out of the evaluated 196 joints (32%). In 20 patients (49% of the 41 patient in the group) inflammatory lesions were located unilaterally (R/L -9/11 patients), and in 21 patients bilaterally (51%).
In MRI, BME fulfilling ASAS sacroiliitis criteria was found in 58 out of the evaluated 202 joints (29%). In 24 patients (58,5% of the 41 patient in the group) inflammatory lesions were located unilaterally (R/L -8/16 patients), and in 17 patients bilaterally (41.5%).BME was accompanied by synovitis in 19 joints (9%), enthesitis in 4 joints (2%), capsulitis in 2 joints (1%), erosions in 32 joints (16%), sclerosis in 107 joints (53%) and fatty transformation in 129 joints (64%).
All BME areas were enhanced by contrast. It was solely the administration of contrast that enabled the additional diagnosis of synovitis and capsulitis.
Comparison of radiographs against MRI
Among 14 patients with sacroiliitis by radiographs according to modNY criteria, 7 were confirmed with inflammatory lesions in MRI (true positive results in radiographic examination) (50%, 7/14), further 7 were not confirmed with sacroiliitis features in MRI (no BME nor other active inflammatory lesions, false positive in radiographic examination) (50%). Kappa coefficient k=0.06, the agreement of radiographs and MRI was 60%.
Of 41 diagnoses of sacroiliitis by radiographs according to NY criteria, 22 patients were confirmed with the inflammation in MRI, whereas 18 were not confirmed (44% vs. 50%). Kappa coefficient k=0.23, the agreement of radiographs and MRI was 63%.
Among 86 patients without sacroiliitis features by radiographs according to modNY criteria (in i.e. preradiographic stage of the disease), MRI confirmed the lack of inflammatory lesions in 53 cases (62%), in further 33 inflammatory lesions in SIJs were found (38%) (Figure 1 ).
Of 59 patients without sacroiliitis cases by radiographs according to NY criteria, MRI confirmed the lack of inflammatory lesions in 41 patients, and did not confirm the lack of inflammatory lesions 18 (31%) (Figures 2, 3 ).
The findings have been listed in Table 5 .
Comparison radiographs against MRI in terms of subsequent sacroiliitis severity grades according to NY and modNY criteria
In the total group of 196 joints evaluated in radiographic examination according to NY criteria (6 joints non-diagnostic, including one patient bilaterally non-diagnostic), grade 1 and higher sacroiliitis was disclosed in 62 joints (31.6% of 196).
In the same group of 196 patients, MRI-evident sacroiliitis was found in 58 joints (29%).
Sacroiliitis by radiographs broken down by grades:
• Sacroiliitis Grade 0 on radiographs (no inflammatory lesions in SIJs) in 134 joints -confirmed in MRI in 105 (78%) joints, in other 29 (22%) abnormalities were found.
• Sacroiliitis Grade 1 on radiographs in 21 joints -in 9 (42.8%) of these BME was disclosed in MRI, the remaining 12 (57.1%) joints were normal by MRI.
• Sacroiliitis Grade 2 on radiographs in 33 joints -in 12 (36%) of these BME was disclosed, 21 (64%) joints were normal by MRI. • Sacroiliitis Grade 3 on radiographs in 8 joints -in 5 (62.5%) of these BME was disclosed, 3 (37.5%) joints were normal by MRI.
The agreement between radiographs and MRI on singular joints was 67.46%, kappa coefficient k=0.04 (Table 6 ). (Table 7 ):
• For radiographs acc. NY criteria -54% and 72%.
• For radiographs acc. modny criteria -22% and 94%.
• For MRI -71% and 90%.
Correlation of HLA-B27 presence with MRI result
HLA-B27 was found in 32 (31.6%) out of 101 patients referred for imaging diagnostics, including 16 female and 16 male patients. In this group, 17 out of 32 patients (53.1%) exhibited inflammatory lesions by MRI (7 female and 10 male), whereas no sacroiliitis features were disclosed in the remaining 15 (46.8%) patients. Of 69 patients with absent HLA-B27, sacroiliitis features by MRI were found in 24 (35%), whereas no features of inflammation by MRI were detected in 45 patients (65%) ( Table 8) .
Discussion
According to American College of Rheumatology (ACR) classification of 1983, [13] spondyloarthropathies fall into Group II of rheumatic diseases. The incidence and the number of SpA diagnoses have been reported to grow yearly. In some countries, SpA diagnoses tend to be more common than diagnoses of RA and other rheumatic disease diagnoses [14] . On the one hand, this is due to the increasing SpA incidence, including nonspecific bowel inflammation diseases' incidence, on the other, to the introduction of ASAS diagnostic criteria in 2009, which incorporated MRI of SIJs in the set of clinical diagnostic criteria for the disease alongside conventional radiography [8] . ASAS criteria decisively increased the detectability of SpA, as in Europe and the USA the prevalence of all SpA forms diagnosed according to AMOR and ESSG criteria was previously known to be 0.3-1.06% [14, 15] , whereas now has gone up to 1-1.4% of axSpA cases alone, diagnosed according to ASAS criteria [16] .
Diagnostics of sacroiliitis, which is the primary feature and a hallmark of axSpA, is primarily based on clinical examination and laboratory testing. The clinical criterion used by rheumatologists when referring patients for accessory examinations (laboratory or radiological), is CBP. Our study has demonstrated that among all patients referred with CBP symptom, SIJs were normal on radiographs and MRI images in majority of cases. Inflammatory lesions on radiographs according to modNY criteria were found in as little as 14% of patients (according to NY criteria in 41%), and in MRI -in 41% (Table 5) . Similar findings were obtained by Williamson et al. [17] , in whose material 58% of patients suffering with CBP did not reveal MRI-evident inflammatory lesions. Also, the so-called inflammatory back pain has unsatisfactory sensitivity and specificity [18] . Hence, the reason behind the small number of sacroiliitis cases confirmed in radiological examinations may be suboptimal clinical selection. This is pointed out by Vossen MHE at al. [6] , suggesting Diagnostic Berlin algorithm to improve patient selection for MRI.
The obtained results indicate higher sensitivity of MRI over radiographs for detecting inflammatory lesions. They could also be indicative of superiority of NY criteria as compared with the modified NY criteria, yet further analyses showed most Grade 0 and 1 sacroiliitis diagnoses by radiographs not to be confirmed in MRI (results IV, Table 4 ).
Antigen HLA-B27,which is specific for SpA, was found in only 32 out of 101 patients referred for imaging diagnostics (32%) ( Table 8 ). The majority of scientific reports confirm the antigen to be present in 46-95% axSpA patients, including 42-75% patients in pre-radiographic stage [5, [19] [20] [21] [22] [23] . There exist, however, studies demonstrating that e.g. in psoriatic arthritis (one of SpA forms) the antigens was detected in as little as 20% of patients [17] . In our own research, practically comparable proportions of HLA-B27 positive patients were found in MR examination to have and not to have sacroiliitis (54% vs. 45%) (Table 8) .
Likewise, in the group of HLA-B27 negative patients, BME was revealed in MRI in 35% of patients, whereas sacroiliitis features were not confirmed in 65% (Table 8) . Our findings could confirm that BME meeting ASAS criteria is not a sufficiently specific SpA criterion, this being supported by Table 6 . Number of sacroiliitis cases diagnosed on radiographs acc. to NY criteria, modNY critera, and MRI.
MRI
the presence of slight bone marrow edema in 30% of well patients or patients with CBP [24] . The obtained own findings could also suggest that BME does in fact correspond to inflammation, as well as HLA-B27 tends to be often in axSpA. In our results half of the patients with SpA (25/51) were HLA-B27 positive and 78% (25/32) patients with antigen HLA-B27 have SpA ( Table 9 ). The issue must be further investigated into. Chary-Valckenaere et al. [24] documented BME to be as significant a diagnostic criterion as HLA-B27 presence. Both parameters have diagnostic and prognostic value. Rudawaleit M et al. demonstrated the probability of SpA in HLA-B27 positive patients with sacroiliitis by MRI to equal 90% [25] . Onna et al. [26] found that in HLA-B27 positive patients with sacroiliitis by MRI, the probability of SIJs inflammation is 88% where sacroiliitis was disclosed in initial MRI, and 27% where the initial MRI was negative.
In Heuft-Dorenbosch et al. material of patients with inflammatory back pain (IBP) features <2 years, HLA-B27 was found in 73% patients with sacroiliitis by MRI, and in 33% with no sacroiliitis features on MRI. Among HLA-B27 positive patients, half of them were confirmed with sacroiliitis by MRI (similarly to our own research), whereas in HLA-B27 negative patients, inflammatory lesions of SIJs were visible in MRI in 16.6% of subjects (in our material in 35%) [5] . The issue of BME symptom's specificity remains open and is, as of today, difficult to interpret due to the limited number of reported histopathological examinations of SIJs in patients with SpA. As opposed to RA, mononuclear cell infiltrates found in SIJs correlate with MRIevident BME only in some cases [27] [28] [29] [30] .
Both among axSpA patients and the so called imaging arm axSpA patients, in most publications men prevail [5, 18] . In our material women were the majority, and we found sacroiliitis by MRI more commonly in female patients (F: M -25: 16). HLA -B27 was present in an equal number of female and male patients (F: M -16: 16). Sacroiliitis in MRI in HLA-B27 -positive patients was, however, more commonly disclosed in men (F: M -7: 10). In a study by Heuft-Dorenbosch et al. [5] it was also women who prevailed (62%). The authors explain that possibly, contrary to an established AS of many years prevalent in men, early forms of axSpA are more common in women. The authors found HLA-B27 in 46% of SpA patients, more commonly in men (contrary to our own findings). In their study, women were more commonly HLA-B27 negative and did not reveal lesions in MRI. It is feasible, then, that they were not suffering from axSpA, which would point to a low specificity of the clinical criteria [5] . Similar conclusions are presented by Williamson et al. [17] , based on MRI of SIJs in patients with PsA: sacroiliitis is frequently MRI -evident in this form of SpA (38%), yet it is difficult to diagnose in a clinical examination (35%).
The basic purpose of our study was a comparative analysis of radiographic examination and MRI in the diagnostics of early sacroiliitis according to ASAS criteria.
ASAS-OMERACT working group developing diagnostic standards for SpA demonstrated MRI of SI joints to be the best modality for diagnosing and evaluating the severity of sacroiliitis in patients with early inflammation and negative radiographs [24] . This was confirmed by our research. According to ASAS criteria, inflammatory lesions of SIJs on radiographs were diagnosed in 14% of patients, whereas in MRI in 41% (table 5) . De Hooge et al. [23] found inflammatory lesions in SIJs considerably less frequently in MRI of patients with CBP (in 34% of patients in baseline examination and in 21% in the follow-up MRI in 3 months' time). A study by Barkham et al. [30] , in turn, which monitored SIJs for the evaluation of the efficacy of biological treatment of SpA, found active inflammatory lesions in SIJs in all patients in baseline MRI, including 70% bilaterally (in our material bilateral lesions by MRI were found in 41% of patients). In radiographic examination [30] sacroiliitis was visible in 53% of these patients, with lesions not meeting modNY criteria in 41% of them. In our material, we found radiographic lesions which did not fulfill modNY criteria in a vast majority of patients. Such patients, according to ASAS criteria, are candidates for MRI. In our 86 patients who did not meet the modified New York criteria, sacroiliitis by MRI was diagnosed in 33 patients (38%) ( Table. 5 ). In Blum et al. study [31] sacroiliitis by MRI was established in 75% of patients in pre-radiographic stage (i.e. patients not meeting modNY criteria).
Patients with a diagnosis of defined radiographic lesions in SIJs according to the modified NY criteria do not require further MR diagnostics. There were no agreement between radiographs and MRI examinations (kappa coefficient k=0.06, 60%. According to ASAS criteria, radiographic picture is an indication for introducing treatment. Our preliminary findings showed that in half of the patients this may not be justified. 14% of patients who were diagnosed with sacroiliitis on radiographs (i.e. fulfilling modNY criteria), MRI ruled out sacroiliitis in 50% of them. Such disproportion of the number of sacroiliitis diagnoses between radiography and MRI was similar to NY criteria where Grade 1 already indicates sacroiliitis; the number of false positive results (overdiagnoses) by radiographs concerned 46% of the subjects. According to NY criteria the agreement of radiograph and MRI examinations was low (kappa coefficient k=0.23, 63%).
Oostveen et al. [32] analyzed MR images in CBP patients HLA0B27 positive with sacroiliitis not meeting the modified New York criteria. BME by MRI was found in 11 out of 25 examined patients (44%). In our material, there were 11 out of 86 (28%) cases meeting identical sets of criteria (Table 8) .
MRI is considered a leading diagnostic modality for sacroiliitis [17] . Our preliminary research confirmed the superior sensitivity and specificity of MRI over radiographic examination. Sensitivity and specificity of imaging exams with regards to final clinical diagnosis of SpA were: for radiographs acc. NY criteria -54% and 72%, for radiographs acc. modNY -22% and 94%, and for MRI -71% and 90. In Blum et al. prospective study [31] , in 44 patients with IBP symptoms, MRI sensitivity was 95%, specificity 100%, whereas radiographic examination sensitivity was 19%, and specificity 47%. In a study by Aydin at al. [12] , the sensitivity and specificity of MRI against clinical examination were 66% and 94%, respectively.
The characteristic feature of the leading SpA form, namely AS, is the symmetric involvement of SIJs, whereas a unilateral, asymmetric location of BME indicates other SpA forms, most frequently PsA [33] . However, MRI indicates early stages of all axSpA forms to be unilateral, a fact which has been known since as early as 2005, and possibly beyond [32, 34] . In our MRI, unilateral inflammatory lesions also prevailed (24: 17), which, nonetheless, could have resulted from the majority of female patients (F: M -61: 40) and a slight majority of PsA cases over conclusively confirmed cases of AS.
In our own research we have rarely observed active inflammatory lesions other than BME, such as synovitis, capsulitis or enthesitis. On their own, not accompanied by BME, they are not diagnostically valid, yet their presence confirms sacroiliitis diagnosis [24] . De Hooge et al. [23] found synovitis in <7% of cases, including one synovitis case not accompanied by BME, which according to ASAS criteria is not axSpA-typical. In our material all synovitis cases coexisted with BME. The inflammation may also be located in the ligamentous, posterior portion of SI joints [2] . In our material we found startlingly few enthesitis cases (as few as 4), which is surprising in so far as etiopathogenesis of SpA is reported to involve tendinous elements of SIJs (where fibrocartilage prevails) as site of predilection [2] .
Regarding chronic inflammatory lesions, we found: erosions in 16% of subjects, sclerosis in 53%, and fatty infiltration of bone marrow in 64% of subjects. These results are similar to reported in studies by other authors [35, 36] .
The limitation for our research was the lack of a control patient group with nonspecific back pain (the so called mechanical back pain, MBP) or well patients, to examine the specificity of BME. It has been documented that BME as an independent parameter, especially in HLA-B27 negative patients, has low specificity for axSpA [37, 38] . The authors found it in 30% of well patients and patients with non-specific back pain. In a 2010 study [9] , BME, erosions and fatty infiltration were found in 27% of patients from the control group with nonspecific back pain, and in 24% of well volunteers. Possibly, quantitative research into signal intensity, the evaluation of the extensity of marrow edema will improve the method's specificity [24] . Administration of a contrast agent, basically (apart from the few synovitis and capsulitis cases) does not improve the diagnostic merit of T1 and STIR sequences [23, 39] . There is research in progress aimed at evaluating the utility of diffusion weighted MRI (diffusion weighted imaging -DWI) [40] and whole-body MRI [41] .
Conclusions
Our research confirmed MRI to visualize early inflammatory lesions [2, 36] . Application of MRI in patients not disclosing lesions by radiographs according to the modified NY criteria allowed us to diagnose sacroiliitis in 38% of patients in a pre-radiographic stage and ruled out inflammation in 50% of patients with sacroiliitis by radiographic examination according to modNY criteria.
The agreement of radiographic and MR imaging was documented in only 60% of cases, including 53 patients in whom both modalities ruled out the presence of inflammatory lesions, and only 7 in whom they both confirmed sacroiliitis features.
The comparable number of true positive and negative results by radiographs in patients meeting the modNY criteria questions the validity of taking radiographs in SpA with the purpose of diagnosing inflammation. Radiographs, however, remain invaluable in terms of initial differential diagnostics of pelvic and back pain.
